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(S) Circuit breaking switches, and cells comprising them. 



@ The present invention relates to electrochem- 
ical cells having a cell circuit cut-off switch 
comprising a deformable membrane (10) seal- 
ing off the pressure-generating components of 
the cell, with the membrane (10) acting on a 
switch member (24) to break the circuit in the 
cell, thereby circumventing the problems as- 
sociated with pressure build-up within the cell. 
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The invention relates to an electrochemical cell, 
such as a rechargeable cell, that employs a safety dis- 
connect device isolated from the active materials of 
the cell and operable to break the electrical circuit of 
the cell when the pressure within the cell exceeds a 
predetermined level. 

Galvanic cells, such as alkaline cells, are gener- 
ally designed to vent when the internal pressure 
exceeds a predetermined amount When exposed to 
an abuse condition, such as being charged to an 
excessive degree, the cell vents, allowing gas to 
escape. Under certain abuse conditions, electrolyte 
may be forced from the cell, entrained in the gas, it 
being preferable to have the electrolyte escape, 
rather than have the cell rupture from internal press- 
ure build-up. 

Cell manufacturers have used a number of 
approaches to resolve the problem of expelling elec- 
trolyte during venting. One method of preventing seal 
rupture, owing to abuse charging or the like, is to 
insert a diode in the battery's electrical circuit. By 
eliminating the possibility of charging the cells, inter- 
nal gas is not generated and the seal never ruptures. 

Another electrically related mechanism is a bel- 
leville-shaped "flip switch". This device is triggered by 
bulging of the closed end of the cell's cylindrical con- 
tainer which causes the belleville member to invert, 
thereby breaking electrical contact. 

Another method involves the use of adsorbents or 
electrolyte thickeners. The adsorbent materials are 
usually located outside the seal area and beneath the 
cell's cover or jacket As electrolyte escapes from a 
ruptured seal, the liquid is adsorbed. Spew thickeners 
are mixed with the electrolyte and, therefore, are con- 
tained within the cell. The objective of the thickener is 
to slow down and/or adsorb any leakage that may 
occur. 

The disadvantage of using either an adsorbent or 
a thickener is that both tie up space that otherwise 
could be used for active materials of the cell. 

A third procedure is to use an outer container and 
end covers as an electrolyte containment system to 
provide space to contain any electrolyte that may 
escape. 

US-A-3, 676,221 discloses a battery comprising a 
plurality of stacked, disc-iike, sealed cells secured 
together by cups fitted over one cell and having bot- 
toms spot-welded to the next cell and side walls spot- 
welded to the interfitting cell. A heat-shrunk sheath 
encloses the battery and has caps forming the poles. 
Between each pair of cells is a circular disc of insulat- 
ing material against which the cup bottoms bulge 
upon expansion of the contents of the cells, thereby 
breaking the welds and electrically disconnecting the 
cells. 

US-A-4,025.696 describes a disc shaped washer 
which inverts after the bottom bulge exceeds a pre- 
determined value. Prior to activation, the washer's 



inside diameter is slanted toward the container. As the 
container bulges, the bottom of the container pushes 
against the washer and eventually causes the washer 
to invert This inversion electrically separates the bot- 
5 torn cover from the container. An open circuit is the net 
result. 

US-A-3,775,661 describes a cell in which internal 
pressure forces a diaphragm against a switch which 
electrically disconnects a charging device. The diap- 

10 hragm is located inside a venting device which is 
attached to one end of the cell. 

US-A-2,651,669 describes a bulge-activated 
switch that can be incorporated into a single cell bat- 
tery, or a multiple cell battery, and which is operable 

15 such that the bulge can be used to open a switch, or 
switches, that control the cell's discharging and/or 
charging circuits. 

US-A-3, 617,386 describes a cell in which a thin 
sheet of metal with "spring back" ability is positioned 

20 between the seal and cover of the cell so as to break 
the cell's electrical circuit when the bulge becomes 
excessive. 

US-A-3,081,366 describes a sealed cell having a 
metallic sheet member connected to one electrode, its 

25 periphery being insulatingly affixed to an open casing 
end, and an overlying exposed metallic terminal being 
insulatingly held over the sheet member. A movable 
switch portion normally connects an intermediate 
pressure-deflectable sheet member portion to the 

30 external terminal and, in response to outward motion 
of the deflected sheet portion under excess internal 
pressure, the switch portion disconnects the external 
terminal from the deflected sheet portion. 

US-A-3,373,057 describes a cell in which the 

35 cover of the casing of the cell is provided centrally with 
an inwardly concave-contact button. A dished (con- 
cave convex) snap-action spring disc, of the automa- 
tic reset type, is marginally sealed to the inside of the 
cover. An automatic reset disc, after snapping in one 

40 direction in response to pressure on its convex side, 
will return with snap action when the pressure is 
relieved. The disc is provided centrally with a sealed 
movable contact for engagement and disengagement 
with an internal fixed contact when the disc snaps to 

45 and fro. The arrangement is such that, when the con- 
tacts are engaged, the disc is slightly sprung toward 
the cover but short of causing snap action. This main- 
tains good electrical contact pressure under safe 
internal gas pressures. The fixed contact is electri- 

50 cally connected with one set of battery plates and the 
other set of plates is electrically connected with the 
casing. 

US-A-4,690,879 describes a cylindrical galvanic 
cell employing a unitary type cover welded to the con- 
55 tainer. This acts as a fail-safe circuit interruption 
means to electrically isolate one terminal of the cell 
from the cell's electrochemical system, when the bot- 
tom of the cylindrical cell bulges beyond a predeter- 



2 



EP 0 470 726 A1 



mined amount, the unitary cover breaking electrical 
contact with the housing of the cell. 

US-A-4.756,983 describes a cylindrical galvanic 
cell employing a cover having a peripheral flange 
which electrically contacts the conductive container of 
the cell, and whereby a predetermined bulge in the 
bottom of the container causes the central portion of 
the cover to separate from the peripheral flange por- 
tion, thereby electrically isolating the central portion of 
the cover from the cell. 

US-A-3,177.313 discloses a pressure-operated 
snap action switch having a member with an arched 
central portion which is deformed by pressure stress, 
and which returns to its original position when the 
stress is removed. 

Not only alkaline cells but rechargeable cells, 
such as nickel-cadmium cells and metal hydride cells, 
can produce internal pressure build-up when the cell 
is overcharged, or charged at a rate other than its 
intended charging rate. If a rechargeable cell is 
charged at an excessive rate, or overcharged, press- 
ure can increase within the cell, possibly leading to 
actual disassembly of the cell. 

Insome cell circuit interrupter devices, the device 
is located within the cell in proximity to. or contacting, 
the cell's active materials. Thus, caustic ingredients of 
the cell may contact the cell circuit interrupter device, 
thereby contaminating it and preventing it from prop- 
erly functioning. 

Thus, the cells of the present invention are pro- 
vided with means for electrically isolating one terminal 
of a cell from the cell's electrical circuit when the inter- 
nal pressure of the cell exceeds a predetermined 
level. Further, such cells may be rechargeable cells, 
the switch being able to isolate one terminal of the cell 
from the cell's electrical circuit when the internal 
pressure of the cell exceeds a predetermined level so 
that, during charging of the cell, if the internal pressure 
exceeds a predetermined level, the electrical circuit of 
the cell will be broken. 

The switches of can be isolated from the active 
materials of the cell, and will still break the cell's elec- 
trical circuit when the internal pressure exceeds a pre- 
determined level, and will reconnect the circuit when 
the internal pressure decreases below the predeter- 
mined level. 

The cells and switches of the invention are easy 
to make, cost effective and easy to assemble. 

It has now been discovered that it is possible to 
provide a cell circuit cut-off switch by using a deform- 
able membrane to seal off the pressure-generating 
components of the cell, with the membrane acting on 
a switch member to break the circuit in the cell. 

Thus, in a first aspect, the present invention pro- 
vides an electrochemical cell having circuit-interrupt- 
ing means which, on build-up of internal pressure 
beyond a given level, interrupts the cell's internal cir- 
cuit, characterised in that the cell comprises a diap- 



hragm serving to sealingly separate at least a por> 
of the active components from one terminal of the ct 
a conductive member being centrally located on thi 
diaphragm and in electrical contact both with the ter- 
5 minal and with the electrode therefor, and wherein the 
diaphragm bulges on build-up of internal pressure 
such that, at a predetermined level, the conductive 
member is sufficiently displaced to break electrical 
contact with the terminal. 
10 As stated, the diaphragm serves to sealingly 

separate at least a portion of the active components 
from one terminal of the cell. Thus, any necessary 
contact is still made, but the active components are 
prevented from passing the diaphragm. Typically, the 
15 diaphragm will be at the open end of the cell, between 
the active components and the cover. Thus, sealing 
off of the active components prevents the possibility 
of corrosion of any part of the cell located between the 
diaphragm and the cover. 
20 However, the primary purpose of the diaphragm 

is that, if pressure is built up by the active compo- 
nents, then the diaphragm will be forced to bulge. 
When the diaphragm bulges, the conductive member 
is displaced, ultimately disconnecting the terminal 
25 from its electrode 

The precise nature of the diaphragm is not an 
essential feature of the invention, the only require- 
ment being that it bulges when there is an internal 
pressure build-up. The diaphragm may be a conduc- 
30 tive sheet, or a non-conductive sheet (wherein "sheet" 
means any material which is substantially flat over the 
majority of its surface). If it is a conductive sheet, then 
it may serve as a part of the connection provided by 
the conductive member between the electrode and 
35 the terminal. In such an instance, the sheet should be 
insulated from the second terminal, which is typically 
the cell housing. This may be achieved by fitting a 
non-conductive gasket in the open end of the housing, 
and using this to locate the conductive diaphragm. 
40 The diaphragm may be secured in the gasket by con- 
ventional means, such as adhesives, and may, in 
addition, be further retained by the use of a washer 
around the periphery, upon which may be located the 
cover, and the whole sealed into position by crimping 
45 of the open end of the housing. 

The terms "electrical contact" and "electrically 
connected", and similar such terms, are used herein, 
unless otherwise defined, to indicate situations whe- 
rein there is an electrically conductive path between 
50 the components defined, whether the components 
are in direct physical contact, or are only connected 
via other, electrically conductive means. 

The diaphragm may also be non-conductive, in 
which case it may be located in a similar manner to 
55 that exemplified above for a conductive diaphragm, 
or, for example, it may be an integral part of the non- 
conductive gasket In such an embodiment, the gas- 
ket then serves three functions, namely to retain the 



5 



EP 0 470 726 A1 



6 



cover, to seal the cell, and to provide the diaphragm. 

Whether the diaphragm is conductive or non-con- 
ductive, it may be made of conventional materials. If 
the diaphragm is conductive, then such materials may 
include metal sheeting ormetallicised plastic sheeting 
while, if the diaphragm is non-conductive, then it may 
be made of any suitable material, such as polyp- 
ropylene or polyethylene. 

The dimensions of the diaphragm are not essen- 
tial to the invention, provided that they are such that 
the diaphragm can bulge at the predetermined press- 
ure. Thus, there should be sufficient of the diaphragm 
free to allow such bulging. Accordingly, it is preferred 
that the diaphragm, in a conventional cell, extend sub- 
stantially across the open end of the container. In par- 
ticular, it is preferred that the diaphragm is bounded 
by a non-conductive gasket (either integral or non- 
integral with the diaphragm) serving to seal the cell. 
In the event where a washer, for example, is used to 
help to retain the diaphragm in the gasket, the internal 
aperture of the washer should be such as to allow 
bulging of the diaphragm therethrough. 

It will appreciated that it is advantageous to use 
sheeting of a uniform thickness to form the diap- 
hragm, in order that bulging of the diaphragm be rea- 
dily predictable and reliable. However, such 
considerations do not limit the diaphragm, especially 
with regard to features which may be advantageous 
in other respects, such as retention of the diaphragm 
in the gasket Thus, the diaphragm may be any suit- 
able shape, preferably substantially corresponding to 
the cross-section of the cell. If the diaphragm is plas- 
tic, or metal sheeting, then it may be advantageous to 
provide a flange at the periphery of the diaphragm to 
assist in retaining the diaphragm. 

It may also be advantageous to provide 
weakened, or hinging, points in the diaphragm to 
enable it to bulge sooner, or to a greater degree, than 
it would otherwise do. For example, in a circular diap- 
hragm, or even in a square diaphragm, a circular 
groove or indentation in the diaphragm, about the 
point where the conductive member is supported, can 
serve to enhance the bulge. 

Likewise, in supporting the conductive member, 
suitable modifications of the diaphragm may be made 
or required. For example, in the instance where the 
diaphragm is non-conductive, the conductive member 
may suitably be located such that a portion of it prot- 
rudes throegh the underside of the diaphragm. In such 
an instance, the diaphragm will necessarily comprise 
a hole through which the conductive member will 
pass, and the hole may suitably reinforced by a 
flange, or upstanding wall(s). Such a flange is advan- 
tageously integral with the diaphragm, although this is 
not an absolute requirement 

In the instance where the diaphragm is conduc- 
tive, there is not necessarily any reason why the con- 
ductive member should protrude through the 



diaphragm, and the conductive member may, instead, 
be sealed to the surface of the diaphragm. In such an 
instance, it may be advantageous to provide a protru- 
sion on the diaphragm over which the conductive 

5 member may be located. This is not a requirement, 
but may help to locate the conductive member during 
manufacture, and to stabilise the conductive member 
while any adhesive sets, for example. 

The conductive member may take any suitable 

10 form. In general, such a form will typically comprise an 
upstanding portion protruding generally away from 
the diaphragm, and a portion adapted for securing to 
the diaphragm. The conductive member is also refer- 
red to herein as the "pin" or "pin member", and such 

15 references include any reference to the conductive 
member in general, unless otherwise specified. 

The pin may be secured to the diaphragm in any 
suitable manner, and generally to the centre of the 
diaphragm, thereby making maximum use of the 

20 bulge in the diaphragm. Other locations, other than 
the epicentre, are possible, but less preferred. The 
"central portion" as used herein, means that portion 
which is not the edge of the diaphragm. Examples of 
suitable arrangements of pin and diaphragm are given 

25 above. 

In addition, where the pin extends through the 
diaphragm, it may be flattened at one end. in the man- 
ner of a rivet, in order to prevent complete passage of 
the pin through the diaphragm. There may also be a 

30 ridge around the pin such that the pin can be pushed 
through the diaphragm and pop-fitted, so the flattened 
portion or flange of the pin contacts one side of the 
diaphragm, while the ridge contacts the other side of 
the diaphragm, or the upstanding walls surrounding 

35 the hole through which the pin has passed. 

In the event that the pin is located on a conductive 
diaphragm, the pin may be located on a protrusion on 
the diaphragm, or on several protrusions. However, it 
is generally sufficient, in order for ease of manufac- 

40 ture, to provide one protrusion, thereby helping to 
locate the pin. 

It is not essential that the pin be secured to the 
diaphragm. The only requirement is that the diap- 
hragm serves to push the pin when on bulging, 

45 thereby causing the pin, ultimately, to break contact 
with the terminal. Thus, the pin should be in electrical 
contact with the electrode and the terminal. In gen- 
eral, the net result is that the pin is effectively secured 
to the diaphragm, even if it is only by means of biasing 

50 the diaphragm against the pin, or vice versa . 

The connection between the pin and the elec- 
trode may be made in any suitable manner. Where the 
diaphragm itself is conductive, this may be suitably 
achieved by placing the diaphragm such that it is in 

55 direct contact with one of the electrodes. The conduc- 
tive member is then in contact with the diaphragm, 
establishing electrical contact between the pin and 
the electrode. 
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In the event that the diaphragm is non-conduc- 
tive, electrical contact with the electrode may be made 
by means of a current collector serving to establish 
contact with the electrode. The current collector may 
be part of the pin. but suitably is secured in contact 
with the electrode and has an arm or spring in biased 
contact with the pin, thereby electrically connecting 
the pin to the electrode. It is preferred that the current 
collector is biased into contact with the pin, although 
this is not essential, and may, instead, be by means 
of welding the arm, or current collector to the pin, or 
by locating the arm within a suitable recess in the pin, 
for example. 

The current collector may protrude through the 
diaphragm, but this may create complications. What 
is preferred is that a portion of the pin protrudes 
through the diaphragm to make contact with the cur- 
rent collector. An alternative is to provide a centrally 
located conductive portion in the non-conductive 
diaphragm, thereby allowing the pin to contact one 
side of the conductive portion, and the current collec- 
tor to contact the other side. Such a conductive por- 
tion may be provided, for example, by a rivet-type 
arrangement. 

The pin forms a part of the switch arrangement, 
and may, in its simplest form, serve to complete the 
switch arrangement. In one aspect, the pin extends 
through the cover of the cell, the cover forming part of 
the terminal with which the pin makes contact. Con- 
tact with the cover may be made by having the head 
of the pin being larger than a neck of the pin located 
in proximity to the diaphragm, such that the head 
forms a snug fit in a hole in the cover. When the diap- 
hragm bulges, the head is pushed through the cover, 
the neck being sufficiently narrow that it does not 
make contact with the hole in the cover, thereby 
breaking contact. Alternatively, the pin may be 
associated with a conductive flange or tab which 
extends from that part of the pin located externally to 
the cover, and which flange or tab is in contact with 
the cover. When the diaphragm bulges, the pin is 
pushed through the cover further, lifting the tab or 
flange, breaking contact with the cover. 

In either of the above instances, it is preferable to 
have a biasing mechanism located between the cover 
and the diaphragm, acting to push the pin against the 
diaphragm, thereby providing stability, and ensuring 
that the diaphragm does not bulge excessively at 
unacceptably low pressures. 

Such biasing means may take any suitable form, 
but a preferred embodiment is a Belleville-type spring 
or washer. Where the Belleville washer is conductive, 
it will be necessary to ensure that electrical contact, 
via the Belleville washer, is not made between the pin 
and the cover at the predetermined bulge pressure at 
which the internal electrical circuit of the cell is inten- 
ded to break. To ensure this, a non-conductive sur- 
face may be placed either on the cover or on the pin 



at the position where the Belleville washer is in con- 
tact While such insulation may be located on the 
cover, it is preferable to locate the insulation on the 
pin, as this may take the form of. for example, a plastic 
5 collar. 

An alternative, and preferred, switch arrange- 
ment is not reliant directly on the type of switch 
defined above (hereinafter referred to as a simple pin- 
type switch). In this alternative aspect, there is further 
10 provided a conductive member biased into contact 
with the pin and with the terminal, or with a surface 
electrically connected to the terminal, and a non-con- 
ductive fulcrum being positioned such that, when the 
pin urges the biased member towards the terminal or 
15 surface, the member is forced to pivot about the ful- 
crum, thereby breaking electrical contact between the 
pin and the terminal. References herein to "terminal" 
or "surface" include a reference to the other term, 
unless otherwise specified. 
20 The biased member may suitably be a Belleville 

spring or washer, as above. It is not necessary that 
the bias be provided by the nature of the member 
itself. Such bias may be provided by a combination of 
factors, such as location of the pin with respect to the 
25 member, provided that, when the cell is in the resting 
state, the biased member contacts both the pin and 
the terminal or surface connected to the terminal, and 
that pressure on the pin causes the biased member 
to pivot about the fulcrum. 
30 It is not necessary that the biased member be a 

Belleville washer. Another embodiment includes the 
situation where several arms protrude from the pin 
into contact with the terminal, suitably the cover of the 
cell, and where, when pressure is exerted on the pin, 
35 the arms pivot about a suitably placed fulcrum or 
fulcra. The arms may be part of the pin, but may. more 
suitably, be located on a collar about the pin. The 
arms may be integral with the collar if desired. 

The biased member may be, as described above. 
40 a collection of biased elements, such as arms. It is 
necessary that the biased member be electrically con- 
ductive, but this may be achieved in any suitable man- 
ner. A metallicised plastic Belleville switch may be 
suitable, although it is generally preferred that the 
45 member is entirely of resilient metal. 

The fulcrum may comprise any suitable material, 
and may, for example, be plastic, or metal with a non- 
conductive coating. In general, the fulcrum will be sec- 
ured to the surface against which the biased member 
50 acts, and may be in contact with the biased member 
even at resting. The only requirement is that the 
biased member be in contact with the terminal at rest- 
ing and be separated from contact by acting on the ful- 
crum at the predetermined internal pressure. 
55 The fulcrum may take the form of a plastic collar, 

for example, located on the inside of the cover so that 
the pin can pass into the collar, but requiring that, 
when the pin passes into the collar, the biased mem- 
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ber acts against the waits of the collar, thereby break- 
ing contact with the cover. 

It will be appreciated that it is not necessary that 
the pin takes any physical configuration, other than to 
provide a surface against which the biased member 
can act, and which will push the biased member when 
the diaphragm bulges. Thus, at its simplest, the pin 
may simply be a conductive portion of the diaphragm, 
but it is preferred that it actually takes a form upon 
which the biased member can actually be supported, 
such as a central pin-shaped projection about which 
a collar or washer, for example, can be placed. This 
prevents movement of the biased member either dur- 
ing assembly or if the battery is dropped, for example. 

In an alternative embodiment, the fulcrum may 
simply take the form of a raised projection from the 
cover, the projection being non-conductive. This 
could take the form of a plastic washer smaller in 
diameter than the Belleville washer. At rest, the Bel- 
leville washer extends over the plastic washer and on 
to the cover but, when pressure is exerted, the Bel- 
leville washer is flattened, and the plastic washer then 
acts as a fulcrum to prevent contact between the Bel- 
leville washer and the cover. 

It will be appreciated that, depending on the 
design, a reversible, or irreversible, switch may be 
provided. If the pin extends through the cover, and is 
forced through the cover sufficiently far, the Belleville 
washer may flip completely, thereby effectively pre- 
venting reestablishment of electrical contact between 
the terminal and the electrode when the internal 
pressure of the cell reduces. However, in general, 
electrical contact will be reestablished once the inter- 
nal pressure reduces, with the biased member reas- 
suming its resting position. 

In a preferred embodiment, there is provided a 
cell of the invention with a switch comprising both a 
biased member and the simple pin-type switch des- 
cribed above. 

The invention relates to an electrochemical cell 
comprising an electrode assembly containing a first 
electrode of one polarity and a second electrode of an 
opposite polarity; a housing containing the electrode 
assembly; a first terminal electrically connected to the 
first electrode and a second terminal electrically insu- 
lated from the first terminal; switch means within the 
housing comprising a spring member biassed to elec- 
trically contact the second terminal and positioned 
adjacent to a non-conductive fulcrum member sec- 
ured to the housing and said fulcrum member having 
a segment disposed and positioned with respect to 
the spring member so that said spring member can 
pivot on said segment when said spring member is 
exposed to an internal applied force, and a moveable 
conductive member which electrically connects the 
second electrode to said spring member and when the 
internal pressure in the cell exceeds a first predeter- 
mined level the moveable conductive member moves 



to exert force against the spring member which then 
pivots on the segment of the non-conductive fulcrum 
member and breaks the electrical connection be- 
tween the spring member and the second terminal. 

5 Thus, in one embodiment, the present invention 

provides an electrochemical cell, such as a recharge- 
able cell, employing switch means comprising a 
spring member biassed to electrically connect one of 
the cell's terminals to one of the cell's electrodes and 

10 wherein a pressure responsive moveable member is 
designed to pivot the spring member on a fulcrum 
member to break the electrical connection between 
the electrode and the terminal when the pressure 
within the cell exceeds a predetermined level and 

is wherein said spring member is isolated from the 
active components of the cell. 

In one embodiment, the spring member retains 
the break in the electrical connection to the second 
terminal after the internal pressure exceeds a first pre- 

20 determined level and then decreases below a second 
predetermined level. 

In another embodiment, the spring member 
retains the break in the electrical connection to the 
second terminal after the internal pressure exceeds a 

25 first predetermined level and then makes the electri- 
cal connection to the second terminal when the inter- 
nal pressure decreases below a second 
predetermined level. 

In general, it is preferred that the spring member 

30 is physically isolated from the electrode assembly in 
the container by a member placed between the spring 
member and the electrode assembly. Further, the 
housing will usually comprise a container having an 
open end closed by a cover and wherein the switch 

35 means is positioned proximate the cover. 

Preferably, the spring member directly contacts 
the cover of the cell and the cover is a conductive 
cover and is the second terminal of the cell. 

In a preferred embodiment, the non-conductive 

40 fulcrum member is disposed between the spring 
member and the cover and positioned so that the 
spring member will pivot on the segment of the non- 
conductive fulcrum when the moveable member 
moves in response to the internal pressure exceeding 

45 a predetermined level. 

Preferably, the container is a cylindrical container 
and the moveable member moves axially within the 
container when the internal pressure exceeds the pre- 
determined level. 

50 Preferred cells of the invention are those wherein 

the electrode assembly is a metal hydride electrode 
assembly. A generaly convenient predetermined 
pressure level is about 30 psi (207 kPa) and above. 
An alternative cell of the invention is wherein the 

55 electrode assembly is a nickel cadmium electrode 
assembly, or wherein the electrode assembly is an 
alkaline electrode assembly. 

The first electrode may be the positive electrode, 
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or the second electrode may be the positive electrode. 

In a preferred embodiment, the housing com- 
prises a conductive container having an open end 
closed by a conductive cover which is electrically 
insulated from the container, the.conductive container 5 
is the first terminal and the conductive cover is the 
second terminal of the cell. 

Preferably, the switch means is resettable so that, 
once the internal pressure decreases below a pre- 
determined value, the moveable member will be for- 10 
ced back to its original position by the spring member, 
once more electrically connecting the spring member 
to the second terminal. Thus, the spring member is 
preferably biassed so that, in the normal state or 
steady state embodiment, the spring member electri- 15 
cally connects an electrode of the cell to the approp- 
riate terminal. The moveable member should be 
positioned in the cell to react to any pressure build-up 
so that, if the pressure build-up exceeds a predeter- 
mined amount, the moveable member causes the 20 
spring to deflect or pivot on a selected area of the ful- 
crum member, whereon the switch member breaks 
the electrical contact between the terminal and the 
electrode in the cell. While the pressure build-up lasts, 
the electrical circuit will remain broken. 25 

Preferably, when the internal pressure decreases 
below a predetermined level, the spring member 
reverts back, and assumes its normal or original posi- 
tion, forcing the moveable member back into its origi- 
nal position. 30 

The first predetermined level of internal pressure 
required to break contact in the switch may be equal, 
or different, to the second predetermined level of 
pressure required to reconnect the electrical connec- 
tion within the switch. 35 

Although it is preferable that the switch member 
be resettable. in some applications the switch mem- 
ber could be adjusted so that, once it is deflected, it 
will not return to its initial position, so the electrical cir- 
cuit of the cell remains broken. 40 

A preferred embodiment employs a belleville- 
type spring which, in the normal position, electrically 
connects an electrode of the cell to its appropriate ter- 
minal. The belleville spring may be positioned adja- 
cent an insulator member that acts as a fulcrum for the 45 
spring member. Thus, when the spring member is 
pushed or acted upon, it will deflect or pivot on the ful- 
crum member, breaking the electrical contact be- 
tween electrode and terminal. Preferably, when the 
force acting on the spring member reduces, the spring 50 
member will deflect on the fulcrum and revert back to 
its initial or original position, when it will reestablish 
the connection. 

The switch means is preferably assembled within 
the cell so that it is isolated from the active compo- 55 
nents of the cell and, thus, insulated from any corro- 
sive elements of the electrochemical cell system, 
such as any caustic ingredients that may be present 



in the cell. Isolation of the switch means may be 
accomplished by positioning the switch means 
proximate one end of the housing, preferably the 
cover for the housing, and components of the cell and 
the spring member. This member may comprise the 
pusher member positioned between the active com- 
ponents of the cell and the spring member. 

Preferably, in alkaline cells, the first terminal is 
electrically connected to the positive electrode, and 
the second terminal generally electrically connected 
to the negative electrode. Thus, in nickel cadmium 
cells, the first terminal is electrically connected to the 
positive electrode and the second terminal connected 
to the negative electrode. The switch means should 
preferably be positioned proximate the housing cover, 
so that it can be isolated from the active components 
of the cell. 

The switch means of this invention is particularly 
suited for rechargeable cells, such as nickel cadmium 
cells, metal hydrides cells. Iithium-Mn0 2 cells and the 
like. As stated above, when charging a cell employing 
the switch means of this invention, if the internal 
pressure of the cell exceeds a predetermined level, 
the electrical circuit will be broken so that the charge 
will be stopped until the internal pressure decreases 
to below a predetermined level. This prevents the cell 
from receiving a flow of electrical current when the 
pressure within the cell is above a predetermined 
value. Generally, for most rechargeable cells, a suit- 
able internal pressure at which the spring means res- 
ponds is in excess of about 30 psi (207 kPa), more 
preferably 50 psi (345 kPa). 

The switch means of the present invention is also 
suitable for other cell systems, such as alkaline cells 
employing an MnO z positive electrode, a zinc nega- 
tive electrode and an electrolyte solution comprising 
potassium hydroxide. For such a cell, the predeter- 
mined pressure should be below the crimp release 
pressure for the cell. 

The present invention will now be further illus- 
trated with respect to the accomapnying drawings, in 
which: 

Figure 1 is a cross-sectional, elevational view of 
part of a cell showing the switch means of the pre- 
sent invention in the first position; 
Figure 2 is a cross-sectional elevational view of 
the cell of Figure 1 showing the switch means in 
the second position; 

Figure 3 is a cross-sectional elevational view of 
part of a cell showing another embodiment of the 
switch means of the present invention in the first 
position; and 

Figure 4 is a cross-sectional elevational view of 
the cell of Figure 3 showing the switch means in 
the second position. 

Referring to Figure 1, a part of a cell 2 is shown 
which comprises a container 4 housing the electrode 
assembly 5 and closed at the opening by a conductive 
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cover 6 that is electrically insulated from the container 
4. Cover 6 is secured using a non-conductive gasket 
8 and then sealing the cell using conventional closing 
techniques. In addition to cover 6, a conductive diap- 
hragm 10, such as a metallic diaphragm, and an 
insulator washer 12, are clamped between the folded 
over ends of gasket 8. 

At the centre of diaphragm 10 is a projected seg- 
ment 14 which is used to accommodate opening 16 of 
conductor pusher member 18. Conductive member 
1 8 comprises a cylindrical base 20 with a vertical pro- 
jected central portion 22. A conductive belleville 
s pring 24 is positioned over central portion 22 of mem- 
ber 18 and extended to contact cover 6. Disposed 
above belleville spring 24, and secured to the under- 
surface of cover 6, is an insulator fulcrum member 26 
which acts as a fulcrum for spring 24. 

Although not shown, the conductive diaphragm 
10 can be electrically connected to an electrode within 
the cell using conventional means such as conductive 
tabs, wires or the like. In some cell constructions, such 
as the coiled rolled electrode assembly 5 shown in 
Figure 1 , an electrode 9 may be in direct contact with 
conductive diaphragm 10. Preferably, direct contact is 
made at the periphery of the conductive diaphragm. 
The connection of the opposite polarity electrode of 
the electrode assembly 5 with the container 2 may be 
made using conventional means such as conductive 
tabs, wires or the like to adapt the container as a ter- 
minal for the cell. In the Figures, the opposite polarity 
electrode 13 makes direct contact with the container 
2 without any need for an additional component. 

In Figure 1, the conductive diaphragm 10, which 
is electrically connected to electrode 9 in the cell, is 
also electrically connected to pusher member 18 
which is electrically connected to conductive spring 
24 which, in turn, is electrically connected to conduc- 
tive cover 6, thereby adapting cover 6 as a terminal for 
electrode 9 of the cell. Under normal pressure condi- 
tions in the cell, the electrical circuit of the cell is com- 
plete, and the cell can deliver, or receive, a current 
flow. However, if the pressure within the cell exceeds 
a predetermined value, it will exert force against diap- 
hragm 10 which, in turn, will axially move member 18 
upward against spring 24. If the predetermined inter- 
nal pressure is exceeded, belleville spring 24 will def- 
lect about fulcrum insulator member 26 as shown in 
Figure 2. This causes the end of belleville spring 24 
to deflect downward, thereby breaking electrical con- 
tact with conductive cover 6. 

Thus, in this embodiment of the invention, the 
electrical circuit of the cell will be broken when the 
internal pressure within the cell exceeds a predeter- 
mined value. Once the internal pressure decreases, 
the belleville spring 24 may be made to snap back to 
its original position and once again make electrical 
contact with cover 6. As shown in Figures 1 and 2. 
conductive diaphragm 1 0 isolates pusher member 1 8, 



belleville spring 24 and fulcrum insulator 26 from the 
active components of the cell, which are housed 
below diaphragm 10 in container 2. 

Figure 3 shows another embodiment of the inven- 
5 tion in which a cell cover 30 is secured at the open end 
of cell container 32 by a seal member 34. Seal mem- 
ber 34 is a non-conducting member having an open- 
ing 36 at its centre for accommodating a pusher pin 
member 38. Preferably, pusher pin member 38 is see- 
to ured to the under surface seguent 40 of seal member 
34 using a conventional sealant, such as polyamide 
or asphalt. 

Attached to the bottom of pusher pin member 38 
is a conductive tab 42 which is used to make electrical 

15 contact with one of the electrodes 43 of the cell. As 
stated above, with reference to Figures 1 and 2, the 
opposite polarity electrode of the cell may be electri- 
cally connected to container 32 using conventional 
conductive means, such as tabs or wires, or the oppo- 

20 site polarity electrode may make direct contact with 
the container 32. 

As shown in Figure 3, pusher pin member 38 pro- 
jects through cover 30 at the centre. Bushing 44 is 
located over pin member 38, and may be conductive 

25 or non-conductive. Bushing 44 may be made from a 
conductive material in order to provide for a low resi- 
stance contact with cover 30 at interface 33. If bush- 
ing 44 is conductive, then clearance is needed 
between bushing wall 45 and the interior wall defining 

30 the central opening in cover 30. This clearance is 
required in order to ensure free movement of bushing 
44 through the central opening in cover 30 and to pre- 
vent undesirable electrical flow between the bushing 
44 and the cover 30. 

35 Pusher pin member 38 has a ridge 46 on which 

is positioned a conductive belleville spring 48. Thus, 
the inner segment of conductive belleville spring 48 
rests on ridge 46 of pusher pin member 38 and is sec- 
ured in place by the lower end face of bushing 44. 

40 In the normal position, belleville spring 48 

extends to electrically contact cover 30. Disposed be- 
tween spring 48 and the underside of cover 30 at the 
inner portion of spring 48 is a non-conductive member 
50 which acts as an insulating fulcrum for spring 48. 

45 Secured to cover 30 is a hat-shaped conductive ter- 
minal 52. 

In Figure 3. an electrical path from electrode 43 
within the cell is made through conductive tab 42, con- 
ductive pin member 38, conductive spring 48, conduc- 

50 tive cover 30 and conductive terminal 52. Thus, in the 
assembly shown in Figure 3, an electrical circuit is 
made from electrode 43 in the cell to the outerterminal 
52 on cover 30 thereby permitting current to flow into 
or out of the cell. Seal 34 is shown with an inverted "V" 

55 shape disturbance 54 which need not be inverted, as 
desired. This disturbance 54 functions as a hinge 
which minimises axial movement of the seal's central 
segment during the cell closing operation. 
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The embodiment of Figure 3 is constructed so 
that, when the internal pressure within the cell 
exceeds a predetermined level, it will force pin mem- 
ber 38 axially upward, while seal 34 deflects upward 
about its hinge 54. as shown in Figure 4. The upward 
axial movement of pin member 38, in response to 
internal pressure, deflects spring 48 about insulating 
fulcrum 50 so that the outer edge of spring 48 deflects 
away from, and breaks contact with, cover 30. A 
recess 56 is disposed at the undersurfaceof cover 30, 
at its central area, to accommodate the deflection of 
the inner portion of conductive spring 48. This effec- 
tively breaks the electrical contact of the electrode 43 
to terminal 52 of the cell and prevents the flow of cur- 
rent into and out of the cell. As shown in Figures 3 and 
4, seal 34 and pin member 38 effectively isolate the 
spring 48 and insulating fulcrum 50 from the active 
components of the cell, which are housed below the 
seal 34 in container 32. 



Claims 

1. An electrochemical cell having circuit-interrupting 
means which, on build-up of internal pressure 
beyond a given level, interrupts the cell's internal 
circuit, characterised in that the cell comprises a 
diaphragm serving to sealingly separate at least 
a portion of the active components from one ter- 
minal of the call, a conductive member being 
centrally located on the diaphragm and in electri- 
cal contact both with the terminal and with the 
electrode therefor, and wherein the diaphragm 
bulges on build-up of internal pressure such that, 
at a predetermined level, the conductive member 
is sufficiently displaced to break electrical contact 
with the terminal. 

2. A cell according to claim 1. wherein the diap- 
hragm is at the open end of the cell, between the 
active components and the cover. 

3. A cell according to claim 1 or 2, wherein the diap- 
hragm comprises a conductive sheet, or a non- 
conductive sheet. 

4. A cell according to any preceding claim, wherein 
the diaphragm is bounded by a non-conductive 
gasket which serves to seal the cell. 

5. A cell according to any preceding claim, wherein 
weakened, or hinging, points are provided in the 
diaphragm. 

6. A cell according to any preceding claim, wherein 
the conductive member extends through the 
cover of the cell, and wherein the cover forms part 
of the terminal with which the conductive member 



makes contact, preferably wherein the he. 
the conductive member is larger than a nec 
the conductive member located in proximity to t 
diaphragm, such that the head forms a snug fit i. 
a hole in the cover or wherein the conductive 
member is associated with a conductive flange or 
tab which extends from that part of the conductive 
member located externally to the cover, and 
which flange or tab is in contact with the cover. 

7. A cell according to claim 6. wherein there is pro- 
vided a biasing mechanism located between the 
cover and the diaphragm, acting to push the con- 
ductive member against the diaphragm. 

8. A cell according to any preceding claim, wherein 
there is further provided a second conductive 
member biased into contact with the first conduc- 
tive member and with the terminal, or with a sur- 
face electrically connected to the terminal, a 
non-conductive fulcrum being positioned such 
that, when the conductive member urges the 
biased member towards the terminal or surface, 
the biased member is forced to pivot about the ful- 
crum, thereby breaking electrical contact be- 
tween the conductive member and the terminal. 

9. A cell according to claim 8, wherein the biased 
member is a Belleville spring or washer, or com- 
prises a plurality of arms protruding from the con- 
ductive member into contact with the terminal, 
suitably the cover of the cell, and where, when 
pressure is exerted on the conductive member, 
the arms pivot about a suitably placed fulcrum or 
fulcra. 

10. A cell according to claim 8 or 9, wherein the ful- 
crum is a plastic washer smaller in diameter than 
the diameter of the biased member. 

11. A cell according to any of claims 8 to 10, further 
as dependent on claim 6. 

12. A cell according to any preceding claim, wherein 
the biased member retains the break in the elec- 
trical connection to the second terminal after the 
internal pressure exceeds a first predetermined 
level and then decreases below a second pre- 
determined level. 

13. A cell according to any preceding claim, wherein 
the biased member retains the break in the elec- 
trical connection to the second terminal after the 
internal pressure exceeds a first predetermined 
level and remakes the electrical connection to the 
second terminal when the internal pressure dec- 
reases below a second predetermined level. 



9 



17 



BP 0 470 726 A1 



14. A cell according to any preceding claim, wherein 
the predetermined pressure level is about 30 psi 
(207 kPa). more preferably 50 psi (345 kPa), and 
above. 

5 

1 5. A cell according to any preceding claim, wherein 
An electrochemical cell comprising an electrode 
assembly containing a first electrode of one pol- 
arity and a second electrode of an opposite pol- 
arity; a housing containing the electrode 10 
assembly; a first terminal electrically connected 

to the first electrode and a second terminal elec- 
trically insulated from the first terminal; switch 
means within the housing comprising a biased 
member biassed to electrically contact the sec- 15 
ond terminal and positioned adjacent to a non- 
conductive fulcrum member secured to the 
housing and having a segment disposed and 
positioned with respect to the biased member so 
that said biased member can pivot on said seg- 20 
ment when said biased member is exposed to an 
internal applied force, and a moveable conduc- 
tive member which electrically connects the sec- 
ond electrode to said biased member, and 
wherein when the internal pressure in the cell 25 
exceeds a predetermined level the moveable 
conductive member exerts a force against the 
biased member to pivot the biased member on 
the segment of the non-conductive fulcrum mem- 
ber and thereby break the electrical connection 30 
between the biased member and the second ter- 
minal, 

A cell according to any preceding claim, wherein 
said cell optionally further comprising any one or 
more suitable features as defined in any preced- 35 
ing claim, in any suitable combination. 
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